Old (28 months)
Two distinct corticosteroid receptor systems have been identified in rat brain i.e. Type 1 (mineralocorticoid-like) and Type 2 (glucocorticoid) receptors (de Kloet et al., 1975; Moguilevski and Raynaud, 1980; Veldhuis et al., 1982; Beaumont and Fanestil, 1983; Reul and de Kloet, 1985; Funder, 1986 ). The Type 1 receptors can be divided into two subtypes (de Kloet and Veldhuis, 1984; Fun der, 1986; McEwen et al., 1986a) . One subtype is the Type 1 CORT preferring receptor (CR), which re-sponds with stringent specificity to CORT. The other subtype is the Type 1 mineralocorticoid receptor (MR), which responds to ALDO in the regulation of salt appetite (McEwen et al., 1986b) . Type 1 CR is almost exclusively localized in hippocampus neurons (McEwen et al., 1968; Reul and de Kloet 1985; 1986) . Type 1 CR is involved in the regulation of aspects of adaptive behaviour (Bohus and de Kloet, 1981) and of hippocampus-associated neurotransmission (de Kloet et al., 1986a; McEwen et al., 1986a) . Type 1 CR is 80% or more occupied by endogenous CORT under all conditions of intact adrenocortical function. Type 1 CR mediates an activating and synchronizing influence of CORT on circadian-driven brain processes and contributes to proper expression of the stress response (de Kloet and Reul, in press).
The Type 2 glucocorticoid receptors (GR) have a widespread localization in neurons and glial cells as shown by autoradiography of in vitro labelled tissue sections (Reul and de Kloet, 1985; 1986) and by immunocytochemistry (Fuxe et al., 1985) . Type 2 GR is occupied in parallel with rising plasma CORT levels during circadian variation and after stress.
Type 2 GR mediates the glucocorticoid feedback on stress-activated brain processes (de Kloet and Reul, in press; Reul and de Kloet, 1985) .
Previous studies have demonstrated that the senescent rat has significantly fewer CORT binding receptors in the hippocampus (Rigter et al., 1984; Sapolski et al., 1983; 1986) than the young animals. The total number of CORT receptors (Type 1 CR+ Type 2 GR) was determined in these previous studies. We showed in the present study that the reduction in CORT binding capacity of the senescent rat occurs in Type 1 CR as well as in Type 2 GR. In addition, we show that chronic infusion of the ginsenoside Rgi, which is a stimulatory component of the ginseng root (Panax ginseng C. A. Meyer) (Takagi, 1974) Figure 1 depicts the Scatchard analysis of 3H-CORT binding to Type 1 CR. The binding to Type 2 GR was blocked by excess RU 28362. The Bmax of Type 1 CR was 51.5% lower in cytosol of hippocampus tissue of the old than that of the young rats. The old rats responded to treatment with Rgi with a 60% increase in Type 1 CR number, reaching a Bmax 21.2% below that observed in the young animals ( Table  1 ). Figure 1 also shows the Scatchard analysis of 3H-RU 28362 binding to Type 2 GR. The binding capacity of Type 2 GR in the old rats was 28.3% lower than in the young rats and was not significantly changed (p<0.05) upon Rg1 infusion. The changes in the binding affinity were small. Only in the case of the Type 1 CR, the old animals had a slightly higher KD for 3H-CORT binding , which was restored to that observed in the young animals after the Rg1 treatment (Table 1) . Table 2 summarizes the results of the experiments designed to analyze the affinity of various ginsenosides with the CORT binding receptor types. Displacement of a 2 nM 3H-CORT concentration by the ginsenosides was studied. Thus Table 2 shows that a 500 fold molar excess (1 pMol) of Rg1, Rb1, Rd, Re and C3 was not able to compete for 3H-CORT binding to the mixed population of Type 1 CR and Type 2 GR. The 2 nM 3H-CORT concentration could saturate the Type 1 CR sites and halfmaximally saturate the Type 2 GR sites. Note that a 5 fold molar excess of CORT already showed 75% displacement of 3H-CORT. et al.
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Japon KD and Bmax SEM were determined from Scatchard and Woolf analyses respectively (Keightly et al., 1983) . Analysis was performed with 9 determinations per group. rcorr was 0.99. Data from Figure 1 . 1) nM 2) in fmoles/mg protein 3) old vs young rats; p<0.001; Student's t-test 4) old+Rgi vs old rats; p<0.001; Student's t-test Discussion Previous studies had revealed that senescent rats have a reduced maximal binding capacity for CORT in cytosol of the cortex (Roth, 1980) and of the hippocampus (Rigter et al., 1984; Sapolski et al., 1983 decreased by28%. We also showed that treatment of old rats for two weeks with the ginsenoside Rg1increased the number of hippocampal Type1CR by60%, to near the receptor number observed in the hippocampus of the young control animals, while the number of Type2GR was not significantly changed. Fulder (1980; reported a stimulation of cell nuclear uptake of3H-CORT in the hippocampus of animals treated for one week with0.5mg per day of a ginseng extract. As indicated by this author, the in vivo uptake of3H-CORT may also be affected by the altered metabolic clearance of the steroid induced by chronic treatment with the ginseng extract. The present study shows, however, that the enhanced uptake and retention of3H-CORT primarily seemed to be due to the ginsenoside-induced increase in Type1CR capacity.
Although Type1CR
and Type2GR
probably reside in the same hippocampal cells (Fuxe et al., 1985) , the downregulatory mechanism leading to a reduced number of receptors is different for each receptor type. Our previous studies have shown that Type 2GR responds to changing plasma CORT level and is subject to downregulation by the homologous hormone, when the plasma CORT level is elevated. In this connection, the reduced receptor concentration can be viewed as an adaptive response (Reul and de Kloet, 1985; Reul et al., 1987; de Kloet et al., 1986b) . Recent experiments have shown that enhanced downregulation due to stress and aging may lead to irreversible Type2GR loss and consequent further loss of CORT feedback (Sapolski et al., 1986 ). Type1CR appears insensitive to homologous downregulation, but instead responds in plasticity to neurotrophic agents such as certain neuropeptides (Veldhuis and de Kloet, 1982; de Kloet and Veldhuis, 1984; de Kloet et al., 1986b) . In fact, a behaviourally active ACTH analog (Org 2766), devoid of corticotrophic activity (de Wied and Jones, 1982) , appeared to be effective in selectively increasing Type1CR capacity in the hippocampus of aged rats as was observed in the present study with the ginsenoside (Rigter et al., 1984; Reul et al. submitted manuscript) . The ACTH analog also delays age-associated changes in the hippocampus morphology of rats (Landfield et al., 1981) .
The ginsenoside RG1 which was selected for this study is thought to exert a stimulatory effect on the central nervous system (Shibato and Saito, 1977; Takagi, 1974; Saito et al., 1984) . How the Rg1exerts its action in the brain is not known; when the compound is administered as a radio-labelled tracer to rats only a very low concentration of intact ginsenoside can be recovered from brain tissue (Strombom et al., 1985) . An interaction of RG1with Type1CR and Type2GR seems unlikely in spite of a claim that a44% enriched saponin extract from Panax Ginseng had demonstrable affinity for mineralocorticoid receptors (MR) and Type2GR of kidney. The relative potency of the extract when compared with ALDO and DEX was, however, only1:
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2000respectively (Pearce et al., 1982) . The present study showed that RG1in a500fold molar excess did not displace3H-CORT from the hippocampal receptor sites. Moreover, if RG1would bind to corticosteroid receptors in vivo one would not expect an increase in corticosteroid receptor concentration as was observed for Type1CR.
An important question is whether the glucocorticoid-like effects of ginseng (Fulder, 1986; 1987; Brekhman and Dardymov, 1969; Hiai et al., 1979) can be ascribed to the RG1-induced increase in Type1CR capacity.
This receptor system is involved in synchronization and coordination of circadian-driven brain processes underlying daily activities and sleep related events. Superimposed on this basal control exerted by CORT via Type1CR is the activation of pituitary-adrenal activity by stress and the subsequent feedback of CORT on stressactivated neural circuitry and metabolism via Type2GR.
According to this line of reasoning, the selective increase in Type1 CR after RG1treatment measured in the present study and suggested by Fulder (1980 Fulder ( : 1981 may explain why the saponin might affect the responsiveness of the organism to the environment.
Taken together, the results of the present study have shown that the number of both Type1CR and Type2GR is reduced in the old rat, but that only Type1CR can be restored towards the level observed in young control animals after chronic infusion of the ginsenoside Rg1. This effect is seen in the hippocampus which is a brain structure involved in cognition, mood and affect. 
